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Comsilatn o Manror Dota Do

Original Source Data. The primary conciderations in the

scurce natecial for the master data base vzroe:
1. Mav scole

2. The emount of detail showmn

3. The projection upon which the man wag comnilled
£ the progrem entailed a judicious selection
of chearts and other source neterial which took the above

factors into consideraiion. After all available charts and

maps had been evaluated, it was decided thet the Global

.-7

Ta v’gatlon Chart -~ at a scale of 1:5,000,000 -- was the

s

optimum chart in terms of detail and scale. (See Figure 1

Pages 2 thru &4 ) However, for the production o7 the film

cr
e

e

graphics, the chart presented a problem in terms of Proj

(]

crlion.

e

The GNC'S are compiled on the Lamber: Conic Conformal Projection.

0]

Bz2ing a conic conformcl projec: ion, the wmeridians converga

o

guite rapidly at the higher latitudes, vhere the Cylindrical
Iquel Space Projection (required by the soecifical ons), does

> 1

'not depict the meridians as converging. Because of the

dissimilarity between the two projections, much detailed
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VACTS USED FOR LANDMARNS

S, HAC Rdition Litho Date
04 769 ' 12th 11-60
07 526 7th Rev. 10-60
10 647 11th 9-62
17 829 10th 4-61
21 526 7th Rev. 10-60
28 526 7th Rev. 10-60
30 585 7th 1-62
31 585 7th 1-62
38 707 6th Rev. : 3-60
40 648 9th 7-62
52 649 9th 10-62
53 771 8th Rev. - 4-61
56 649 8th 5-59
58 772 7th Rev, 4-61
60 826 - 5th 10-60
65 825 8th 3-60
70 945 4Lth Rev. 1-52
77 944 Lth 4-52
81 1018 6th 10-59
85 697 8th 7--58
86 575 9th 1-62
06 097 oLhn - 1-58
94 | 780 6th ' 6-60
o7 815 5th 6-56
98 937 6th 1-60
99 ~ 815 5th 6-56

101 936 6th 1-60
103 1027 3rd 6-51
108 1027 . 3rd 6-51
110 1422 5th 2-60
113 1421 Lth Rev. 2-52
114 1055 5th 11-60
116 1054 5th 11-60
117 1176 5th 11-60

120 1030 5th 12-54

122 1398 4Lith 9-51
124 689 %th Rev. 5-60
126 932 7th Rev,. 7-61
129 1175 6th 1-53
130 1154. 4th Rev. 11-51

Figure 1
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1100
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Figure 1 (cont'd)
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9th
32nd
Sth
8th
5th

Base Inifo. Compiled

September
Sepiember
September
January
September
Sepicmber
September
September
Septemnber
September
April
March
March
March
March
March
March
March
March
March
April
March
March
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1957
1957
1957
1959
1957
1957
1957
1957
1957
1957
1965
1958
1958
1958
1958
1958
1958
1958
1958
1959
1964
1964
1958

s

Litho Date
11-60
12-62

9-62
6-60
9-62

April 1965
June . 1964
May 1960
August 1961
August 1962

December 1964
December 1961

August 1962
April 1964
Avgust 1264
September 1965
April 1965
December 1964
December 1965
Septembar 1953
April 1663
May 1962
March 1965
May 1961
May 1961
July 1965

August 1961
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on a Lomborit Cenic Conformal Projection;

-

i peoneling oporation was eszencially one of »nrojeciion convor-
[} sion, wneroby Acro Sorvice Corporvacion converted the conic
: projection to a cylindrical projzciion. In terms of time
[}
3 end accuracy, thd GIIC'S were orizinally oeoneled to an inter-

{
| AN

necdiate cylindrical eguel space nrojaciion. TIn ordex

overcom2 the problem of convergence on the conic projection,

,‘,,.,

-._

eacn five degree band of latitude was individuslly nanele

to an internediate cylindrical pnrojection grid. (See Figure 2

,nn..
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The end product of this panesling overation was a
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con’ori to the Cylindrical Equal Space Projeciion. Since

A )

each five degree band was comniled at a slightly different

ESE &3

scale, the next sten in the sequance of operations was a

M 23

photozranhic reduction of each band to the final common

EZ3

conpilation scale.

eling operation, the photo nega-

o

In the final »p
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the five degree bands were assewbled on a transparent
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tevred t
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overlay ol stable base .007" Mylar, purch regil

scribed master projection. After completion of the entire

(—a

e

master panel, a comdleliez edit and insneciion was performad
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positive was then phecographically nrinsed from the mastos
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panzl.,

Congtruction of Projoction Grids AlY vrojeciion girids, bot
p e ¥ o - b
T B intermediate and Final, were accurately scribed on R & E
1
D 00757 stabilene Scwibecote which has a lylar base with a
. v 1 ~ ! 1 . . 1 - . ~
1 high degree o7 sizbility, The projection plotting was pexrTormad
H L _-- ..' P - - e N ~ - -
~—B with a Haag-Stveit Coordinatogranhi that has a plotting accurecy

of # .0015". The intermadiate grid projection was scribad ar

one degree intervals whiclh insured the svecified positional

EE2 E3

accuracy.

£33

The basic design philosophy for the terrestrial graphics was

based on producing a single master manuscript., Therefore, a

| S

4

v
D

single master Cylindrical Equal Space Projection was construci

at a scale of 160 nautical miles to the inch. The overall siz

3 3

of the master grid, scribed every ten degrees, is 45.0" by
138.75" and encompasses 370 degrees of longitude (10 degree
duplication) and 120 de es of latitude ranging from 60

~degreces north to 60 degrees sout

3 EX3

The terrestrial scene started at 33 degrees West Longitude and

terminated at 23 degrees West Longitude with the entirce overlap

3 E3 3
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area falling in the Atlantic Ocean,

Rendering of Moster Ariworik. It was decided that rendering
the terrestrial manuscript in color would afford a hign

degree of reallsm in addition to depicting the required

fidelity in terms of texiuve and pattern definition, The
sly tested to Insure

various tints and shades were rigorou

color consistency and stability and were proven accepteble

for both color and monochromatic response. (See Figure 3

Page © )

Land use keys and corresponding

color mixes which were

developed for the Apollo Earth Sphere were used in the color

w~ondorino.  The color sct

PORROPPRBIN

various types of terrain and cultivated arees. These are

1isted in Table I, Page 10.

Mountalnous terrain areas were rendered

Topozraphic Detail.
so as to provide an 111lusion of relief. This was accomplishad

by color shading techniques. (See Table II, Page 11)

Agricultural and vegetation patterns were simulated by over-

painting color tones and textures. Reference material, to

jnsure the most realistic portrayal, 1 of available

orbital photography and the large collection of acrial

hedule was established by categorizing

it Zanl o A .
v
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1)

2)
3)
4
5)
6)

7)
8)
9)
10)
11)

12)

Land Usz Kevs

TABLE I

Cultivated eoreas
a., Fine texture

b. Coarse texutur

D

Intermixad forest and cropland
Forest
Intermixed Zorest and grassland
Scrub, bush, sieonpe, and grassland
Desert

é. Fine texture

b. Coarse texture
Irrigated areas
Oases
Tundra
Snow and ice
Mountain areas
Marsh or swamp

a. Forested

b. Grass

10
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Colors Uszd in Pox

Fresh water lalkes
ensely wooded areas

Partial tree cover
Seni~arid brushland

Tundra

Grassland

Agricultural areas

Rocky desert

Rocky areas

ers

e

Glac

Major urban areas

TABLE I1

11

craying linjor Topozraphic TFea

1
{

les

Strong blue
Dark blue grecn
Dark blue green
Dark green
Green

Light green
Light green
Light green
Light green
Brown

Brown

White with blue cast

Mottled light gray

o
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photegranhy in fAero's film libveor,

Rendering of detail such as rivevs, peninsulas, and other
various land and water forms conform with the specification;

thot is, minimun detall of three nautical miles or norve vas

portrayed.

Photogranhic Copving of lMaster Artwork

Artvork and Camera Alignment. The master artworX was mounted
on an open faced vacuum casel measuring 72 inches hizh by 146
inches long. (See Figure &, Pace 13) The artwork vas
accurately posiiioned on the casel by means of a pin registra-
tion system which wes designed'soecigically for this project,
An equétorial reference grid permitted accurate alignment of
the Robertson Tri-Color Camera f£ilm holder which has been
designed to permit both vertical and horizontal adjuztment,
When accurately positioned, the artwork and camera Film holder

-

remained fixed throughout the entire COopy sequence.

Continuous Film Strin Fxnosure Technique. As previously

stated, the master avtwork actually covers 370 degrees; that

is, one complete orbit plus ten degrees of overlap. By using

a specially designed fade-in, fade-out device, the duplicatad

~ ~

area received one half of the exposure on the fade-out and

12
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onos nalf of the toial exvosure on the fade-in. Dy using =
fade-in, fade-cut in the overlan arvea, it was possible to
record eight orbits on one continuous f£film strip without

resorting to mechanical f£ilm splicing

O

In order to accomplish the precise blending of the two over-
lapping sections, Aero Service Qesigned a special metering
and registration device for measuring and maintaining align-
ment of the film as it is advanced across the focal plane.
(See Figures 6 and 7, Page 15) The first exposure required
27.75" of film (360 degrees of longitude, plus 10 degrees of
overlap) while the succeeding exposures each required exactly
27 inches of film., At the final film scale of 800 nautical
miles to ths inch, 27 inches is equivalent to one complecte

earth orbit. The film lengths o7 Rolls A and B, including

leaders and trailexs, are 50 feet each.

Fade Band and Moonlight Effects. During each orbit of the

(]

training mission, the astronaut will pass through a sunlit
and moonlit or nigﬁt phase. The method used in the simula-
tion of the transition from’sunlight to moonlight and back to
sunlight again was one of several methods specifically tested

for this project. The method offering the most realistic

14
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bends ond moonliic arcos.

Filﬂ_zyoe. For ithe crestion of the wmosier

7oLo expevinent with several types

™o
(@)

speced much lower thean the Type S$0-2

film, yet still possessing the necessary spectral rvesdonse

end resolution.

9

[ PPN S TR ) _ . - I .
ATler weviewing the technical data and tests o |

the selocied

emulsions, 1t was decided thai DuPont Type 220R Cronar Aerial

~ - [P - v -
~— . A R A Y AR R S A ’Lll&

I-h

ndicated that Kodat Aevograshic Duplicating Film, T
was more sultable, The Aerographic Type 2427 was used in
making the master negetives from which the final terrestrizl

C.

film grephics was printed. (See Figure 5, Pege 13)

Production of the HMHirvor Imaze Film., It was determined that

the best resolution would be achieved by exnosinz the film in

(a4
o
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E3 B2 E3 o

. -~ - e e - c - - -1 -
porisl cormera orlontatlon,  The woovivzed vovorsal of
- R - SISt B .- .
rolls oo, thorelorz, coaleved by vovorsal int
e ~ no . et Y et e
Lopg Etronic 3P 10,704 Si=in Printer.
The final film

U-LL

= ey T
1T

I

)
nLes

were printed from the mester negative on the Log ILtronic 8P
10/704 Strip Printer and processed in the Hodal: Versaamat
3
: Processox. (See Figures & and ©, Page 18) The neccssary
| contrast ratio, as selecied at a meeting at Farrand Ooticel
] ,é; Comvany th repraesentatives of NASA and Grumaon Alrveralt, wes
Y attained through sensiiromeiric testc to achieve the snecified
gemna and averagpe 'density level. Considereble difficulty was
k encountered in attaining tracking of the mester nezative and
1 3 Xy o gk ) 5 ) NPT LY =
10 SU-Z26 print film within the 0.02" alignmont tolerence. Also,
{ B
high voliage cherges building up in the film at 'rﬁcthd dirt
i particles. To eliminate the problem, two ionizing devices were
7. installed in the printer to neutralize the charge. HNumerous
other precautions were taken to achizve a very clean positive
nagenta pirint Figure 10, page 19 is a samnle of the terrestrial
granhics.
{1 B Calibration Phcotosranhs. The specifications indicated that
; #
five 8 x 10 inch calibration photozcaphs be provided for ch
E earth orbit., Since there are eight orbits on Roll A and eizht
:
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3 1s a contact print of the earth from the

graphics negative,
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Original Source Data. Research into good quality, large scale

1

Lunar souwvce data, revealed that very little large scale source
material was available. The charts which were available inclu-
ded the Apollo Intermediate Charts at a scale of 1:500,000; and
the Ranger Lunar Charts which vary in scale from 1:1,000,000 to
1:1,000. Only five choris in each scries have been produced to
date. These cherts covered only a small portion of the lunar
surface which was to be rendered and it was necessary to use &s
the primary source material, the Lunar Astronautical Charts at
1:1,000,000, produced by ACIC. The extent of coverage of the
1:1,000,000 LAC charts (See Figure 14, Page 26) 1is approximately
h

£ 1
t

~
o, l-l

1
210

3
™

- - hnd R
cguacor. oY the are

o
o]

~a
L

™
(')

32 degrees north and sou
beyond the LAC coverage, it was necessary to employ the

1:5,000,000 AMS Topographic Lunar Map.

Other source material used by the renderers in their depiction
of the lunar landscape consisted of Ranger VII and VIII photo-
grapns, the Rectified Lunar Atlas, and telescope' photogranhs

obtained from Lick Observatory.

Pod

Construction of Comnilation Projection Grids. Both intermediate

and final master grld projections were accurately plotted and

N~
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14C'S Bdition Date
2
P 38 lst Mairch 1865
: 39 st Movember 1883
- 4.0 lst October 18865
| 41 lst Soptember 12063
5 42 lst February 1265
;- 43 lst May 1265
Iy 1st December 1905
3 56 lst May 1¢¢3
; 57 2nd liay 18672
t 58 2nd April 190G
59 lst Avril 1263
60 lst Septenber 1962
: 61 lst February 1633
62 ' _ lst February 1054
74 coe lst April 1962
75 -2nd : June 1962
76 . 2nd April 1964
| 77 oL lst - Hay 1963
. 78 1st v Harch 1663
79 lst - Ap=il 1953
80 1st March 1¢G2
- 92 lst Fepriary  14Uhh
93 : lst | Junez 1962
94 lst May 1684
95 lst December 1984
. %6 : lst April 1965
97 lst May 1965
I o
j 58C lst May 1665
58D lst March = 1965
5¢C lst Jenuary 1966
60D lst May 1965
i 77A : lst May 1965
R VII IC'S
RLC 2 lst ' October 1864

Figure 1&
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L

scribed on the Haon-Streit Coordinatoszaph i Lthe same manner

as in the Terrestrial Film Graphics.

B3
@]
4
o
R
0
[}
0
0,
-
o
)

A separate master grid projection was constructed

the lunar scenecs. The comnpilation scales, forwat sizes, ete.

- tnl o makeadal

are shown in Figure 15, Page 28.

3

The compilation scales and formats shoun in Figure 15 were

‘/ .
1
3

conpuied utilizing the final film sczles, length, and specified

e

longitudinal extent for each of the zltitude ranges.

Ex3

Paneling of Original Source Data. The general pancling proce-

ES3

; dures, as described for the compilaticn of the terrestrial master

B33

data base, was essentially the same for the lunar scenes. The

original map source information was paneled in strips to an

intermediate compilation grid. These strips were then photo-

graphically enlarged or reduced to a common compilation scale.

The negative strips were then assembled on a mylar overlay which
3 Y

was punch registered to a master projection grid. The completed
1

master negative assembly was then photographically transferred

to a stable base photo sensitized material which was punch

EX3 E3

registered to the rendering base.

=3

The Landing and Ascent scene was rendered first and reduced

copies were made at the compilation scale of Ranges & and 5.

asetahuclitit
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Lunor Scales ond rmonsions

— Comnilation Pioal Seale
Renge Phase Manuseripés  Scale  Divensions (LIL 1 in
_ 1 A 1 1:2,136,256 46.C0" x 145.77" 252.1 M.,
B 1 1:2,136,256 46.90" x  132.31" 252.1 M.
g c 1 1:2,136,256 46.90" x 109.50" 252.1  1.if,
: i 2 A (Uithin Renge 1) 22.5% x 145.77"  73.5  N.iL
‘f‘f B (Within Range 1) 22.5" x 132.31"  73.5 K.M.
] C  (Within Range 1) | 922.5" x 109.50"  73.5  W.M.
3 A 1 1:495,250  22.5" x  79.525" 16.97 N.M.
B 1 1:495,250  22.5" x 112.475% 16.97 N.M.
C 1 1:495,250  22.5" x 81,150 16.97 N.HM,
4 A 4 1:129,577  22.5" x  71.40"  4.44 WM.
B 3 1:129,577  22.5" x  7L.40"  &.L& W.M.
C 3 1:129,577  22.5" x  7L.40"  4.44 N.M.
5 A (Within Range 4) 11.7% x  37.713"  2.312 WA
B (Within Range 4) 11.7" x  37.713"  2.312 N.M.
C  (Within Range 4) 11.7" x  37.713"  2.312 N.M.

.
6 1 1:8,828 45.0" x  60.0" 605 N.M.

Total Manuscripts - 17

Figure 15 Lunar Scales and Dimensions

Ls
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Since Ranges 4 anl 5 consiitute ten differeni compilations
(one for each landing site), the roducad Landing and Ascent
negative was revroduced lfor cach of the scenas and incorporated

in the negative asscemblies. This procecure insured a point to

tion from any one of the

e

\

point correspondence and a smooth trans

ten selected landing sites to the Lznding and Ascent scene.

In a similar fashion, as each of the ten scenes were comniled
and rendered for Ranges & and 5, thay, in turn, were photo-
graphically reduced and incorporated as part of the negative

assemblies of sub-orbital Range 3.

«

Rendering of Lunar Artwork

Shadow Gesometrv. The orientation and length of a cast shadow

[SOFUEIR. U B ST S 32 .. =2 -— JLAPUSURE S, RO PPN o U, BT B
[ [

- - 2~ -~ PR, B P
AMladivend oy [ VS iy S WA WA B S W ERVES s R N N APy R e L

(@]

ias
position of a vertical structure upon a spherical surface. The
direction of the incident sunlight was defined by the sub-solex
point. The position of a given vertical structure can be defined
in terms of its Latitude and Longitude, The geometric consid-
erations are shown in Figure 16, Page 30. . In the figure, a

right spherical triangle enclosed by sides a, b, and ¢ defines

a general point, P, on the surface of the sphere with respect

to a reference point X. The reference point is the

29
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fhe orlentation or anglz the shadow malies wich one of the axes

in the lozally horizontal plane is couvivalent

.~

Lo the Angle A
wien measured fron the local meridian and equivalent to Angle B
when measurted from the local parallel, These anZles are deter~
minad {rom the idenilities:

CO5 A = TAN b/TAN ¢

SIN B = SIN b,/SIN c

.

These basic equations permitied the computation of the megnituds

)
s

and direcition of th2 cast shadows. Since zll shadows radiat

LR ~ . - - - « a - - - -~
HELIZL L Ly dvdy LLLVil LHE BUD=SULEL PULIle WilLCil LE Ll re.ecence

point, it was nzcessary to calculate only one quadrant since the

other three quadranis are mirror images. The direction and

magnitudes of the casi shadows is shoum graphically in Figure 17,
Page 33 which is a vector diagranm computed for ten degrea inter-

vals o7 Angles A and D.

Lun=i Surface Shedows. In the previous section, treating

shadow geowztry, the situation was necessaril

idealized to

<

describe the geomztrical situation., Further clarification vas

| ST

required to depici actual lunar terrain.
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cevicein,  On tho boois of vesious giudiocc of the Tuns cur®eoo-

ruciure slopzs of about & 150 ave enpocted over nuch of the

lungar suirface.

In oxder ihat actual shadows be proc

sunlight rust bz less than the anzle o

Consequently, lerge sloping craters end other features having

of
1

I

similar slopes actually cest no shador unlaess located within

5
k.
; 15¢ of the terminator,

¥ Althouzh no shadows are cast in the area firom 0o to 750 from
1 B

the sub-golar point, diffevences in 1lluminzation are preseni,

; These differences are princinallv duz to diiferences in
: . ! :

Ao

reflectivity of the materials which make up the lunar surface

and the variation in the angle of incidence of the sunlinht.

w
Definin hadow Direction. The area co ed by the sub-orbitzal
altitudz Ranges & and 5, includas the ten landing sites which

are genarally located within two degrees of the lunar equator,
Within this latitude range, the shadow orientation is vracticeally

‘constant and was so depicted for each of the ten landing site

~

scencs. Of course, differentiation of shadow direction wvas

~

made for those points which appeared above and those which

e niani

appecared below the lunar equator. Sub-orbital Range 3

j
1
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encompanced g lebitudinal wifent of eopronioccely 5 odagrces
above cnd below the lunoe cquator.  vor this aluituds vanse, che

shaodow direction wac defincd as a congtont for esch one degree

latitude by 5 dacrees of lonoitude, That is to suoy, each
J &) J s

n)

area was considered as bezing a hovixzonial »loae upon which the
relative shadow vositions were a constant., This samoe procedure

P

was employed for the orbital altitude ranges within the latitu-

dinal extent of 5 degrees on elther side of thz equator. Beyoud
5 degreecs of the cquator, the shadous were depicted as having a
constant orientation for cach 100 x 10° interval of latitude

and longitude, '

Deterninipj Shadewr Lensihs,  The lengih of thic shadows ave
directly proporiional to the tangeni OFf the incldent Ligul
angle. In the sub-orbital zltltude ranges viileh are contained
within a latitudinal band of 5 degrees of the cquator, the
incident light engle is primarily a funciion of the differvence
in longitude between a specified poinit and the sub-solar »oint.
The tangent of the incident light angle was computed at a con-
stant mid-latitude of 2% degrees. A series of curves were then
‘constructed which defined the shadow length as a functlion of
longitude and vertical hzight., A sindller avdroach was employed
for the oubital altitude Tones,

35
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The angular oricntation of the cast shadows and corresponding

length wore anncicted as vectors on the intermediate rendering

data base. The personnel assigned to this tasg): determined the
heizhit of the various lunar Fecatures by interpretation of the
<o

elevation contours. Additionally, these persomncl determined

the approximate position in terms of latitude and longitude and

-

utilized the appropriate graph to determine the shadow lengih.

Rendering of Gray Scales. The rendition of the lunar land-

scape was basicelly the rendition of light and shadow effects.
The differences in tone, or gray scale, not only reflected the
differences due to relief but also the differences in the

reflectance properties of the spec 2d areas.

The portrayal of shadows required a great degree of artistic and
cartographic judgement on the part of the renderers. The
judgement was neccessary when one considers that the shadows are
affected not only by the lunar phase and object height but also
by the surface irregularity and slope. In addition, much of the

original scurce material was without elevation contours and ai

such small scale that artistic interpretation was necessary.

Method. The 17 lunar scenes were rendered on a transparent

/
mylar base material superimnosed and punch registered with the

36

v



e e i

LY B3

E- R
DR |

-3

P
frvewe

8 .3 3

T T oy gy — et P Ry g e T S s o AL e T > —ry TR TR ST e sy
1

1

1. N oy A 1 P RPN S
e actual Loadorine

(4]

master cwanilatlon base, was acconnlishiod

by employing plasiicized renderine tools and techniauns, Seo
J L < () O

Iigures 18 and 19, Pame 38) As visual aids in their artistic
interpretation, the wenderers used the wost up-to-date lunar

photographs which included Ranser VII and VITI photogrephis and

other sources such as Lick Observatory telescopic photos and

—~

-ified Lunar Atlas.

-

ine Re

]

Photosranhic Copvying of Lunzr Scenas

2

[

Actyork and Cemera Alignment. The lunar graphics consists o

17 different scenes compiled and rendered at six differcent
scales., TFour different reduction factors were employed in

reducing the master artworks to the required final film scales.

h

To insure that the center line of each cxposure was accurately

¢

positionced, an optical reference center line was placed on the

face of the ecasel.

CLontinuous Film Strin Procedures. The artworks were copied in

<

the sequence indicated by the specifications. The specially
designed film metering and alignment device, which is part of
the film holding system, was used in metering the variable
lengths of film across the focal plene. This was accomplished

to an accuracy corresponding to the positional accuracy of the
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(Right) Artists
adding final de-
tail to Landing
Site 7, Range 4,
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sorocket holes in the final {ilm posiltive.

L.

Filin Exposure. The best available ontics, Goerz Red Dot Artar

cal reduction of the artwork. Due

[N

=3

Lenses, were used in the opt

to the extrecme image length of Range 1, it was nccessary to

EZ3

| rceduce the artwork in two steps. Optimum aperture settings and

P |

monochromatic illumination was utilized to insure the best

% - possible resolution.

3

Production of & Reversed Image Film Roll. The Lunar reversed

3

image film roll was produced in the same manner as the terrestrial

it

i mirror image roll.

EE3

The film was exnosed in the normal camera orientation and the

mirror image film was achieved by reversal printing in the Log

ez

Etronic SP 10/70A Strip Printer.

T

Printing of the Final Lunar Graphics. The master negatives were

coniact printed on SO 226 film on the Log Etronic SP 10/70A

Strip Printer. All required resolution charis, linearity charts,

g

and fiducial patterns were provided as specified. The total
length of each roll, including leaders and trailers, is 56 feet.

Figure 20, page 40, is a sample of the lunar graphics.

=3

-

Calibration Photogranhs. One set of calibration photogranhs

il

e

=
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or cach landing site at each orbitel snd sub-orbital ranse and
cach lunzy phasc, wos provided. (Sec Figure 21, Pase 42.)

The calibration photographs, measuring 8 x 10 inches, show a
high contrast line reticle centered on the landing site, a

north arrow and for identification, the lunar rense, phaose, and
landing site number. On the reverse, the geoprashic coordinates
of the landing site heve been furnished. The calibration photo-
graphs are a 15.38 times enlargement from the final nerative.

[

Figure 22, page 43, is a lunar map showing the ten landing sites

41
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SPECIAL TEST FILMS PRODUCED UNDER

CCA NUMBER 6

3

In July 1967 Aero Service was requested to produce additional

Test Films which will be described in this section.

3 3

Item T ~ Tmage Quality and Resolution Test Film

To produce the series of test films at a number of different

1
=3

] contrasts in both black and white and magenta images a master

B3

composite negative was first prepared. The master negative

contained the following items:

&3

a. An actual sample of the Film Graphic Lunar image

B3

selected from a portion of range l. Size was

five inches by five inches.

b. A full scale reproduction of the 1951 USAF Resolu-

tion Target reproduced directly from a Gurley

Master.

.JMM

c. An eight time reduction of the 1956 RETMA Chart

SR

(T.V. Test Pattern).

Two copies of the 1956 RETMA Step Tablet only

Q.
-

photographically copied so the tablet was 3.5

inches long. The two step tablets were arranged

50 the ascending density values were in opposite

; ' direction.

44
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Fig. 22 illustrotes the data contained on this test film.
Overall length of each test film was approximately 18 inches.

The aim was to produce five different contrast test f£ilms
"in both black and white and mapenta which would rcpresent-the
full range of contrast possible from thé existing master
negative rolls when printed on Eastmen S0-226 film.

Initially, five black and white test films were produced, .
then two additional films were made referred to as B & W Strip
6, 7. These additional strips were made to provide lower
contrast levels than those achieved in the first group of five.

For the Magenta Dye Coupled images a total of five test films

were produced and characteristic curves of these test films is

Item IT Additional Test Films - Eight Foot Length

From the same composite test film assembled for Item I one
each eight foot length test film was produced in both black
and white and magenta. The contrast of each of these films
was the samé as the respective middle contrast test produced

under Item I.

Item ITI - Percentage Transmission = Test Film

After considering several different formats, the design

shown in Fig. 25 was determined by NASA after conference with

45
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personmel representing Farrand and Grummend.

It was necessary to first produce a specified characteristic
curve for the $0-226 emulsion stock on hand from which the
required (Loé E) exposure valueé and processing time was
selected to produce the specified 17%, 25%, 50%, 75% and 90%
transmission values.

A second specific characteristic curve for the $S0-226
emulsion stock on hand was produced but continued thréugh the
black and white processing to a magenta dye image by magenta
dye coupling. From this curve the specific (Log E) exposure
values and processing time was selected to produce the
specified magenta image 1%, 25%, 50%, 75%, and 90% transmission

values,

46
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On Novembexr 30, 1967 CCA Number 3 was issued to Aero Service

which stated:

1.

The Contractor shall deliver two 4" x 8" £ilm graphics
samples of lunar range 4 on doubly perforated GFLE Kodak
film type S0-226. Onc sample shall be processed in

black and white, the other sample shall be in magenta,
using a magenta dye transfer process from black and

white. Each sample shall consist of onc half of the

image area with significantly cnhanced additional detail
based upon Orbitor photography and the other half will
contain the same detail developed under the above-numbered
contract,

The objective of the enhanced detail area shall be to
produce in an authentic randeom size and authentic random
quantity detail which is comparable to Orbitor photography.

The techniques used to produce the above items shall be
capable of being applied to the production of film graphics
for use in the Mission Effects Projector and shall not be
uniquely associated with the production of the item
deliverable hereunder.

The Contractor shall furnish the material cost and labor
hours expended in the production of the enhanced film
graphics and also for the unenhanced film graphics,

The Contractor shall furnish a description of the technique
used in supplying the enhanced detail,

Aero Service developed a technique for satisfying the above

defined test strips and made delivery of both a black and white
and magenta enhanced detail sample of a four inch by eight inch
image area selected from range 4 on January 11, 1968.

At the completion of the work performed under CCA Number 3 a

report was prepared and submitted in January 1968. A copy of
this report with minor changes is included as part of this final
report.

R o e — e s T T s g o —— “aeye - By o e TGP 25 g v T
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FEASIBILITY STUDY,

TECHNIQUE FOR DETAIL ENHANCEMENT

] OF LUNAR FILM GRAPHICS:

CONTRACT NO. NAS-9-5981, CCA#3

Submitted to :

National Aeronautics & Space Administration
Manned Spacecraft Center

Houston, Texas 77058

Aero Service Corporation
Division of Litton Industries
4219 Van Kirk Street
Philadelphia, Pa. 19135
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INTRODUCTION

Recent successes experienced by the Lunar Orbiter Systems
have provided photography of the lunar surface with detail
never before recorded. The availability of this data raises
an immediate question. How can this new data be quickly
incorporated inté the current training of the Apollo Mission
Crews, so tha£ they may have the benefit of the most accurate
and unetn-date cimilatian?

This report describes a teéhnique developed by Aero Service
Corporation to up-date the existing Film Graphics by incorporating
the improved source information provided by Orbiter Photography.

A poftion of Lunar Range 4 Artwork was selected for the experi-

ment., Using available Lunar Orbiter Photography as source

material, Aero Service Corporation enhanced one-half of the

selected area. The remaining half was left unaltered to serve

as a reference for comparison purposes. The result was.a significant
improvement of lunar detail and forms. The techniques employed

are described in the following paragraphs.

52




E PRELIMINARY PHOTO PROCESSING

Initial effort involved examining available Orbiter

Photography for coincidence with any of the ten (10) landing

sites depicted on the Range 4 Artwork. A 4" by 8" area of

Range 4 was chosen for its similarity with the typical lunar

forms depicted in the Orbiter Photography.
The Orbiter source photography and the Film Graphics sample ’

existed at different scales. For best results it was decided

to bring both the sample and the source to the same working

scale. Negatives of the Film Graphics sample at a scale of

1:323,735 were photographically enlarged to a working scale

of 1:64.747. This five (5) times enlargement was made aAn 2

Cronaflex film material chosen for its stability, translucence

and compatibility with artistic rendering.

The Orbiter sheet was photographically enlarged 2% times

to match the sample scale of 1:64,747. This enlargement was

also accomplished on a stable base translucent material.

b

At the enlarged working scale, the size of both sample and

source was 20" by 40", Employing the enlarged Orbiter Sheet

as a guide, detail and lunar forms were added to a 20" by 20"

portion of the sample. The remaining 20" by 20" portion was

left untouched.

53
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RENDERING PROCEDURE

The photographically enlarged Lunar Orbiter transparencies
were positioned beneath the Film Graphics Range 4 Artwork.

The techﬁique necessary to transfer the Orbiter information
onto the Film Graphics sample required the utilization of tools
capable of depicting minute detail. Special plasticized
rendering tools were selected for this operation., All visible
information was extracted from the Orbiter photographs and
artistically transferred onto the original Range 4 copy.
Consideration was given to the depths of crates and heights

of rims so that the correct shadow relationship was maintained

‘with the original Range 4 graphics.

With tﬁe addition of new lunar detail, =a problem was en-
countered with regard to a contrast loss between the original
background and some portions of the up-dating. It was found,
however, that an automatic eraser was quite useful for discreetly
varying the background and maintaining contrast levels to that

indicated on the Orbiter Photograph.

FINAL PHOTO PROCESSING

Upon completion of the rendering, both the enhanced and

unenhanced portions of the sample were photographically reduced

54
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to a negative at a final scale of 1" = 4,44 N.M. The negative
was then contact-printed to a positive on Kodak S0-226 ¥ilm
(9%", with sprocket holes). The positive image was centered
within + .010" of the centerline of the film. |
Two final positive samples were produced, one sample
processed as black ‘and white and one sample processed as magenta,
A flow chart of the procedure described is shown in Figure %9.
The techniques employed in the generation of the samples can
be‘logically extended to the larger formats required for full
scene updating. In this case, the original Film Graphics
Artwork and Orbiter photographs would be enlarged to a common
scale of 1:64,747. The Artwork would then be enhanced in sections.
Each section would be reduced two (2) times to a negative at a
scale of 1:129,494 which is the present artwork scale. Contact
prints produced from these negati?es wsuld then be employed in
the composition of a controlled mosaic lunar scene. Such a
mosaic would be perfectly matched and uniform throughout. Upon
completion, the mosaic would be photographically reduced 2% times
to final scale in negative form. The negative would then be
contacted printed to make the final positive which could be

processed as either black and white or magenta.
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CONCLUSTONS AND RLCOMMENDATIONS

From the preparation of the sample, usecful inforration

i T LR T TFCERRSECIN PR EY S
4

was learned regarding the minimum size and quantity of detail

which can be practically generated in the artistic zeundering

of Orbiter type detail. An examination of the enhanced detail

by projecting the cbmpleted magenta film strip onto a screen

b at forty (40) times enlargement indicated a very substantial

increase in detail and a good similarity to medium range

ddsidvy

Orbiter photography.

This demonstrates the feasibility of artistically creating

detail and of up-dating the Lunar Film Graphics.

A review of the hours required to prepare the sample and

e m T A an A
YdapGiaclon O

-~y £ +lhmnas Lpiiianm b olic e - P g T~ - A
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hasaiiing i
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required fof full Lunar Film Graphics up-dating indicates that

a considerable cost would be involved. It is therefore in order
to suggest a method whereby the detail of the sample can be
achieved over a large area at only a small percentage of the
straight extrapolated cost.

For a given scene, a sufficiently large area would be detail

rendered, as in the sample, to provide Orbiter type micro-

detail in the area of high interest (landing site). This infor-

mation would then be photographically copied at a two-time

reduction and a series of tone-matched prints would be prepared

57
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from the negative. Using a stable base msterial, one print
would be cemented onto a grid so that its micro-detail would
register with the micro~detail in the arca of critical
intercest. Then the additional duplicate prints would be
mosaicked in a random mamnner so that the entire sccne area
would be covered with micro-detail image.

To prepare an Orbiter detail enhanced scene, the original
Artwork would be placed on the easel and exposed'onto a negativd.,
Then, the original Artwork would be removed and the mosaic of
Orbiter type detail placed on the easel and double exposed in
register to the first image.

Experiments would be made to determine the optimum balance

.of the two (2) exposures to obtain the most realistic Lunar

image detail. This procedure would give detail fully equivalent
to the sample over the complete scene at a substantially lower
full-scene cost.

The elements of this process are given in Figure 27.
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VARTABLE RANGE 3 FI1LM GRAPHICS FOR IMS AND THMPS
CCN - 12(S) Dated 2-25-69

Original Source Data

The AMS paper print mosaic of orbiter IV photography is

at a scale of approximately 1:600,000. It covers the entire

area specified for variable range 3 film graphics and has

sufficient detail to use as source for the total area except
the actual landing site area. 1In the landing site area the )
Lunar Mosaic, Scale 1:100,000, Site II P-8 was used for the full
extent of its coverage.

Microdetail 1/50th of an inch or less on the final film
was provided as hypothetical second generation detail.

iunar photomaps scéle 1:25,000 Site II P-8 and Factored
Transparency Manuscripts, Corridor Area Site 3, Scale 1:100,000

and Landing Area site 3, Scale 1:10,000, were used as visual

reference to insure a true portrayal of the lunar features,

Construction of Compilation Projection Grids

The projection for the variable scale lunar scene consists
of three projections produced as a continuous lunar area
centered about the equator. (Fig. 28)

The film scale on the IMS film from 22° East Longitude to

10° East Longitude is 3/4 inch per selenographic degree.

60




R FA
205 196.407 NM
21.823 NM

1.333° (1°20")

9“ :60
6° = 98 204 N

" 2 10.912 N

1" = .666° (0°40)

M

M

o z 5" [ = i.5"
1,591,200 | 795,600 PROJECTION LAYOUT LMS FINAL FILM
"z 132,600° " - 66,300
COMP SCALE
318, 240 b 159,120
": 26,520 1"z 13,260
l LANDINGgHAREA VARIAB&)&T ;?SSICAEF
4=
50w 40 20 0° 2° 40 f
3°N
\\ \.
NC ;\\
I
2°N b
\*L\
NB —
1°N |
NA
00
SA
_ ////
1°s
/
]
SB I =y
2°3 -
SC P -
305 ‘ 5 3 a 6 = g | 9 1o I
131" - 1312 66’ — 1312 131" =312 64 ~ 1312~
CRATERS B-H CRATERS B-J CRATERS B -H CRATERS B~
MINIMUM GROUND RESOLUTIX
FIGURE 28 FOR VARIABLE SCALE

e Ty

I TN T T AT

, o v
- o e e A AT .- T
iy o i, rver t o "



LiiFS

1" = 14.548 NM 1" 7 27as
1= . 888° i = 4440
1o = 128" 1= 225"
[+ 1,060,800 - 530,400
1" = 88,400 1" = 44 200
_ FILM SCALE
SCALE APPROACgI:l AREA
5"
6° 8° 10° 120 14° 16° 18° 20° 226%eN
\\
\L NE
| \j\ 4~
4\\\\ -ﬁzl:JJC
—1 1 | ] NB
NA
0° 9"
SA

11— 1 SB

— 20
//
/

o SC

] SD

// 4°
4/
// SE
7 SF
B 6°s
1 12 13 14 15116 17 18 19 20 21 22 23 24 25 26 27
312° 246" - 1312 348 — 2652" - - {
5 B-G CRATERS B-F CRATERS A-E
JLUTION  REQUIREMENTS ¢l
ALE  FILM




-
5

K3 3

e T

24755

§
1
1
.

kS ki A

The film scale on the LMS film from 10° East Longitude to
1° East Longitude varies uniformly from 3/4 inch per seleno-

graphic degree to 1-1/2 inches per selenographic degree. The

in the appendix to the addendum to Exhibit A dated January 21,
1969.

The film scale on the IMS film from 1° East Longitude to 5°
West Longitude is 1-1/2 inches per selenographic.degree.

The Compilation projection was constructed at 5 times the
scale of the IMS final films, on cronaflex drafting film using

a Haag Streit Coordinatograph.

Preparation of Base Panel for Artwork

§ X

The projection at compilation scale was transferred to a
piece of 48 x 144 x 1/4 inch tempered masonite. This panel was
reinforced with aluminum channels so that it would remain rigid
and flat.

The selenographic projection was inked on the 1:600,000
AMS mosaic of orbiter IV photography in increments of 1°, Each
1° x 1° block was then assigned an identifying number using an
Atlas grid system. The mosaic was then photographically copied
at an intermediate scale. Using the compilation projection for
control, each 1° x 1° segment of the orbiter IV mosaic negative

was projected to scale using a Zeiss SEG IV rectifier.

" scale between longitude degrees is proportional to those formulated

/
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The Zeiss SEG V rectifier in addition to projecting an

a3

Image to the desired scale also has the unique capability of
precise "X'" any "Y" tilting of the image to transform the image

to the desired geometry. This capability was required for

B3 B

projecting the images that fall in the variable scale areca.

The scale adjusted and transformed photographs were then

[

adhered to the masonite base using a combination of mosaicking

_(l
B3

and panelling techniques. They were accurately positioned by /

£33

using the projections for control. (Fig. 29)

The entire photo assembly was then encapsulated under &4

=23

coats of clear epoxy resin. With the surface wet sanded after

3

each coat. Final result was a surface that showed all the photo-

graphic detail clearly and made a very receptive base for the

paints. (Fig. 30)

Rendering of Variable Range 3 Lunar Network

Prior to the rendering operation for the lunar graphics, a

suitable type paint had to be selected. The desired characteristics

.
ol

of the paint were: excellent adhesion to the encapsulated image,
quick drying to assure ease of overpainting without delay, and

portrayal of correct reflectivity for the photographic mask,

The paint finally selected as meeting these requirements was

an acrylic polymer. This synthetic resin emulsion base paints

can be thinned with water and dry quickly upon application.
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Utilizing pre-calculated shadow vectors the lunar detail
existing on the orbitor photography was rendered in black,

white, and shades of gray. In areas where height and depth
information did not exist, good ca;tographic judgment was used

in depicting the lengths of shadows. (Fig. 31).

A daily check was made with a Macbeth reflection densito-
meter on finished areas to assure that the correct reflectance
values, necessary for the photographic reproduction were /
consistent.

During the total rendering task, scaled photographic overlays

were used as the checking device. These overlays were made from

the panelled orbitor image. Utilizing this procedure, a

production,

Microdetail

Microdetail was provided as specified by Drawing #CFMSL
101768 '"Minimum Ground Resolution for Variable Scale Film" and
the bar chart in the appendix, "Number and Sizes of Craters per
Unit Area."

The microdetail ranges from minimum size of 348' diameter
in the approach area to 66' diameter in the landing site area.

The method used to provide this detail is as follows:
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Within a 40 inch by 40 inch area of a plece of Conopaque
film, craters were rendered that ranged from 348 feet to 2,652
feet in diameter and in numbers per unit area as specified, Fig. 32.

The 40 inch by 40 inch square was then reduced 8 times to
be mosaicked on a 48 inch by 144 inch by 1/4 inch tempered
masonite board which was reinforced with aluminum channels to
assure rigidity and flatness, Fig. 33.

The microdetail mosaic board is 5 times 1argér than the findl
LMS film scale. The 40 inch by 40 inch square, then is therefore
reduced a total of 40 times to cover approximately 1 square inch
on the final film, 1In this manner, the microdetail does not
cycle more than once per inch on the final film.

After the 40 inch section was copied, the artwofk was returned
and the required number of craters ranging from 246 feet to 348
feet were added within the 35 inch by 55 inch central portion
of the original. The artwork was again copied this time at a 7
times reduction, and this combined with the 5 time reduction of
the microdetail mosaic board will result in a 35 time reduction
and still retains the minimum 1 inch cycle.

Because}of the variable projection scale the craters maintain
their relative scale size. The same procedure was repeated a
total of 5 times adding smaller craters in the required quantities
pntil a final saturation of craters down to 66 feet in size wereb

added for the landing site area.
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The microdetail mosaic was copied at the precise reduction

and orientation as the lunar artwork board. The microdetail

was printed on an intermediate positive using a double

exposure photographic technique.

g3

Test Strips

A s S g s TS s T

Priority was given to rendering and mosaicking microdetail
g in a 20 inch by 20 inch area of the variable scale section of

the total area. The two boards were then copied and the

sensitometry worked out to provide 6 test strips as required.

(Fig. 34) Three test strips were required each for the LMS

e
£
*

and LMPS. All 6 were provided at the LMS scale to facilitate

nroduction of the complete films by minimizing the time the

‘,.,._,_

artwork would be unavailable to the artists.

L

Artwork and Camera Alignment

The lunar artwork was produced at 5 times the scale of the

IMS final films. The LMPS £1lms required a 3.333 times reduc-

tion of the lunar artwork. The ILMPS also covers less distance in

:
:

the latitudinal direction and is offset .562'" north of 0°

¥

-latitude on the final film.

The films for each simulator also required tick marks along

H the edge and the requirements were different for each system.
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Because of these variations it was necessary to set up the
artwork with the proper ticks and adjust the camera, easel, and
lighting separately for each set of films. 1In this case the
artwork and microdetail mosaic for IMS films were copied first.
When the LMS films were copied the ticks required for the LMPS
films were placed on the artwork. After the camera was aligned
for IMPS scale the artwork and the microdetail mosaic were

recopied.

ExEosure

The same high quality equipment,optics and techniques were
used to expose the variable range 3 films as were previously

used for the original film graphics.,

Film Imagerf Layout fér IMPS

Left and Right hand negative rolls were assembled using the

negatives for the new variable range 3 and various negatives

from the original film graphics as described earlier in this

report. The new film positives are specified to be printed at
a8 much higher gamma than the original films and in an entirely
different orientation of images. This required making inter-
mediate negatives from the original to accomplish the desired

results,
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: Printing the Final Films

. 1

N

+oud The master negatives were contact printed on LDastman Type
g 2420 film using Log-Etronic SP 10/70A Strip Printer. AllL

'required resolution charts, lincarity charts and fiducial

patterns were provided as specified.
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